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The self-trapping of exciton-polariton condensates is demonstrated and explained by the formation
of a new polaron-like state. Above the polariton lasing threshold, local variation of the lattice
temperature provides the mechanism for an attractive interaction between polaritons. Due to this
attraction, the condensate collapses into a small bright spot. Its position and momentum variances
approach the Heisenberg quantum limit. The self-trapping does not require either a resonant driving
force or a presence of defects. The trapped state is stabilized by the phonon-assisted stimulated
scattering of excitons into the polariton condensate. While the formation mechanism of the observed
self-trapped state is similar to the Landau-Pekar polaron model, this state is populated by several
thousands of quasiparticles, in a strike contrast to the conventional single-particle polaron state.
PACS numbers:
Introduction
Self-trapping is an intriguing physical effect that is
rather rarely encountered in solid state systems. Among
its most well-known manifestations are the phonon self-
trapping of charge carriers leading to the polaron forma-
tion [1, 2] and the magnetic self-trapping of carriers or
excitons in diluted magnetic semiconductors leading to
the magnetic polaron formation [3, 4]. Both polaronic
self-trapping mechanisms seem incompatible with the
Bose-Einstein condensation (BEC) as the latter leads to
the formation of spatially extended coherent many-body
states: the bosonic condensates. Nevertheless, exper-
imentally, bosonic condensates of half-light-half-matter
quasiparticles, exciton-polaritons, formed in semiconduc-
tor microcavities [5] are frequently spatially localized [6].
The localization is due to the stationary disorder po-
tential necessarily present in the microcavity plane [7],
and/or due to finite size optical spots used to gener-
ate the polaritons [8]. The interplay and competition
between magnetic self-trapping and BEC of exciton po-
laritons was analyzed theoretically [9]. In non-magnetic
systems the polariton liquid intrinsically tends to delo-
calize as the polaritons repel each other and are repelled
by the reservoir of non-condensed excitons formed by a
non-resonant optical pumping. It comes as a surprise,
that in certain experimental conditions, condensates of
polaritons collaps in real space leading to formation of
dense droplets [10].
In the present work, we report on the experimental ev-
idence for a steady state self-trapped polariton conden-
sate. We observe the unpinned polariton droplet whose
area is two orders of magnitude smaller than the area of
the excitation light spot. Looking at the blue shift of
the condensate energy and the image of the condensate
in the reciprocal space, we conclude on the origin of self-
trapping. The shrinkage of the condensate wave-function
is induced by the local heating of the crystal lattice in the
center of the pump-beam area. The shrinked state of the
condensate is stabilized by the non-linearity caused by
the condensate-reservoir coupling.
The observed state constitutes a new phase of a bosonic
condensate that may be referred to as the bosonic polaron
state. In contrast to a conventional (fermionic) polaron,
this state is characterized by a local lattice temperature
variation rather than by strain. In our system the po-
laron wave-function represents the localized many-body
wave-function of a bosonic condensate. Self-trapping of
exciton polaritons is a new phenomenon in the physics of
bosonic condensates. It is promising for applications in
polariton simulators [11, 12].
Results
The system under study is a high quality factor semi-
conducor microcavity (see Methods) characterized by a
long polariton lifetime τ = 100 ps and a strongly reduced
density of defects [13]. Similar samples have been re-
cently made available by the advanced control of the
molecular beam epitaxy (MBE) growth process, that al-
lows for the observation of thermalised polariton conden-
sation and for the efficient ballistic propagation of polari-
tons in the cavity plane [14–16]. The microcavity is ex-
cited by a continuous wave laser, tuned ≈ 100 meV above
the exciton resonance, and the photoluminescence (PL) is
collected by imaging spectroscopy (see Methods), allow-
ing for two-dimensional (2D) energy-resolved detection
of the emission in both the real-space and the reciprocal-
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Figure 1: a-f, Energy resolved (vertical axis) polariton emis-
sion in momentum- (left column) and real-space (right col-
umn) along the kx and x direction, respectively. The wave-
vactor k is proportional to the in-plane momentum, k = p/~ =
2pi
λ
sin θ, with λ being the polariton wavelength and θ being
the incidence angle. Pump power increases from P = 0.42Pth,
P = Pth and P = 3.3Pth from top to bottom rows. g, Po-
lariton density vs excitation power (black points) normalized
at the threshold value (around Pth = 40 mW). The FWHM
(gaussian fit) of the polariton distribution in space is shown
(green points) to shrink from values comparable to that of the
laser spot (FWHM=20µm) at low density to less than 2 µm
above Pth. Solid lines are the calculated density (black line)
and spatial FWHM (green line) as obtained from numerical
simulations (above threshold).
In Figs. 1a-f, the energy-resolved PL both in mo-
mentum (left column) and real space (right column) is
shown for increasing excitation powers (from top to bot-
tom). Carrier relaxation leads to the formation of a large
population of excitons (exciton reservoir) with in-plane
wavevector k beyond the light cone. The exciton relax-
ation mediated by phonon scattering leads to the occu-
pation of radiative polariton states at the bottom of the
lower polariton branch (LPB), close to k = 0 (see Fig. 1a-
b). Polariton condensation occurs when the balance be-
tween gain (stimulated scattering into the bottom of the
LPB) and losses (mainly radiative emission) is achieved,
condition that is fulfilled in Fig. 1c-d. The emission of the
polariton condensate appears blueshifted by ≈ 2 meV:
this is due to the repulsive exciton-exciton interactions
in the spatial region where the exciton reservoir is highly
populated. The white dashed line in Fig. 1b, Fig. 1d
and Fig. 1f denotes the bottom energy of the LPB, that
follows the intensity profile of the exciting laser given
the short exciton diffusion length (< 3 µm). In Fig. 1e,
the two bright points at k ≈ ±2 µm−1 correspond to
polaritons propagating either inwards, bringing the po-
lariton density to the center of the excitation spot, or
outwards (in the tail regions) due to the repulsion from
the reservoir [17, 18]. In the same Fig. 1e, the central
emission with a wide k-distribution around k = 0 cor-
responds to the spatially localized polariton condensate
shown in Fig. 1f.
Surprisingly, we found that, even well above the con-
densation threshold, the emission is localised in a small
spatial region of less than 5 µm2 area. Note that the
Gaussian laser spot excites a 102 larger area and the lo-
calisation is observed also if changing the position of the
excitation spot on the sample, i.e. it is independent on
the microscopic details of the sample such as possible
defects. The shrinking of the polariton emission above
threshold is quantitatively described in Fig. 1g, where
the spatial full-width-half-maximum (FWHM) of the po-
lariton emission is shown (green points) for increasing
excitation powers and compared to the emission inten-
sity (black points), proportional to the polariton density
(see Methods).
In Fig. 2, the emission of the polariton condensate
is shown for different sizes of the excitation laser spot
(FWHM=20, 30, 40 µm). The pump power has been ad-
justed to have the same blueshift of the polariton conden-
sate in all cases despite of the different excitation areas.
The full two-dimensional collapse of the polariton con-
densate is clearly evident by comparing the pump spot
intensity (top row) with the PL intensity (second row),
showing localised emission from a spatial region two or-
ders of magnitude smaller than the excitation area. Dif-
ferently from previous reports, where a confined conden-
sate or the presence of multiple, fragmented condensates
have been associated with the presence of the disorder po-
tential [6, 7], the high spatial homogeneity of the present
sample and the absence of potential defects in the region
under study clearly indicate that we observe a purely
self-induced localisation.
It is interesting to note that, despite of the small size
of the localised condensate, its shape can be externally
controlled by reshaping the pump beam. To proof this
point, the horizontal and vertical elongations of the laser
spot have been induced by cylindrical lenses in the opti-
cal excitation path (top row in Fig. 3). The ellipticity of
the shape of the excitation spot is imprinted on the lo-
calised polariton condensate, as shown in the central row
of Fig. 3 and in the magnified contour plot of the emission
3a)
20 µm 20 µm 20 µm
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Figure 2: a,b,c Three different sizes of the non-resonant
pumping laser spot: FWHM is 20µm, 30µm and 40µm in
a, b and c, respectively. d,e,f Condensate emission in real
space corresponding to the excitation spots shown in a, b and
c, respectively. The polaron-condensate is always localised in
a spot of less than 5µm diameter. g,h,i The vertical cross-
section of the intensity profile of the pumping laser (blue line,
corresponding to a, b and c, respectively) and of the conden-
sate (red line, corresponding to d, e and f, respectively).
intensity in Fig. 3e and Fig. 3f. Conversely, the locali-
sation is absent when a top-hat laser spot profile is used
(see SI), showing that a gradient of the potential land-
scape is needed. This suggests that localisation occurs
at the position of the highest exciton density, where the
condensation threshold is first reached, and it is feeded
by a net flux of polaritons directed towards the localisa-
tion point. A similar scenario, with the emergence of a
heat-assisted, sink-type steady state, has been recently
predicted in one-dimensional polariton wires [19].
Numerical simulations
The real-space collapse of a polariton condensate indi-
cates the presence of a self-induced trapping mechanism
capable to overcome the intrinsic polariton-polariton re-
pulsion. This requires an effective attractive interaction
that cannot be explained in the conventional theoreti-
cal framework used for polaritons, that is a generalised
Gross-Pitaevskii equation with positive interaction con-
stants. We attribute this attraction to the polariton en-
ergy renormalization induced by the heat released during
the condensation. Polariton thermalization to the ground
state is assisted by the emission of the acoustic phonons
which heat the crystal lattice and may localy change the
20 µm
20 µm 20 µm
20 µm
a) b)
c) d)
e)
5 µm 5 µm
f)
Figure 3: a,b, Pumping spots of elliptical shapes with hori-
zontal and vertical elongation, respectively. c,d, Condensate
emission in real space corresponding to the excitation shown
in a and b, respectively. e,f, Contour plot of the condensate
emission intensity (magnification of c and d, respectively).
lattice temperature by several degrees [20]. This leads to
a local modification of the polariton dispersion and re-
sults in the formation of the trap at the position of the
condensate density peak where the temperature is max-
imal. This trap triggers the real-space collapse of the
condensate and its shrinkage into a tight spot. The self-
trapped state is further stabilized due to the stimulated
scattering of reservoir excitons to the condensate.
To describe our experiments, we use the Ginzburg-
Landau equation for the polariton order parameter Ψ
coupled to the kinetic equation for the density n of in-
coherent polaritons (see Methods). The effective attrac-
tive interaction is proportional to the rate of polariton
relaxation from the reservoir to the ground state which
is determined by the product of their densities, |Ψ|2n.
Searching for the stationary solution in the case of a sym-
metric Gaussian pump, we reproduce the experimentally
observed real-space condensate distribution, see Fig. 2
and Fig. S1.
In Fig. 4a, the energy blueshift of the polariton con-
4densate is measured for increasing pumping powers and
compared to the results of simulations (above threshold).
The formation of the polaron-like self-trapped state is ac-
companied by the change in the slope of the dependence
of blueshift on the pump power visible at P = Pth in
Fig. 4a, with a slower increase above threshold. For ex-
citation powers P > Pth, the localisation in real space
corresponds to a delocalised emission in the reciprocal
space (see Fig. 1), with the product of the standard de-
viations of the position and momentum distributions ap-
proaching the limit imposed by the Heisenberg uncer-
tainty principle, ∆x∆k = 0.5 (Fig. 4b). This shows that
the polaron self-trapping mechanism studied here results
in the formation of the strongest possible localised po-
lariton condensate with the widest possible distribution
in k-space. The range of k-states available at the energy
of the condensate is limited by the two bright spot visible
in Fig. 1e.
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Figure 4: a The measured (dots) and calculated (lines) blue
shift of the condensate energy as a function of the pump power
(FWHM of the laser spot is 20µm). b The standard devia-
tions ∆x and ∆k are obtained by fitting the PL intensity of
the polariton condensate in real-space and reciprocal space
with a Gaussian function (see Methods). Above threshold,
the localised polariton condensate achieves the Heisenberg
limit (∆x∆k = 0.5). The value of ∆x∆k as a function of
power calculated numerically is shown by the blue line (above
threshold).
In conclusion, the self-trapped stationary state of
bosonic condensates of exciton polaritons can be referred
to as a bosonic polaron phase. Indeed, the attractive in-
teraction of polaritons is governed by their coupling with
the crystal lattice that is a signature of a polaron. In con-
trast to conventional Pekar polarons [1] the dressing of
a polariton condensate is produced by the local heating
of the lattice rather than by its mechanical deformation.
A number of polaritons contributing to the bosonic po-
laron is estimated as 2× 103 (see Fig. 1g). We estimate
the local lattice temperature variation in the center of the
polaron state as being of the order of 10 K (see Methods).
The strong dependence of the shape of a polaron state
on the geometry of the pumping light beam offers an
opportunity for efficient optical manipulation of polaron
states that is crucial for their applications in polariton
simulators.
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Methods
Experiment
The semiconductor device used in these experiments is
a high quality-factor (Q > 105) 3/2λ planar cavity with
12 GaAs quantum wells (width=7nm) placed at the three
electric field antinode positions. Front and back mirrors
consist of 34 and 40 AlAs/Al0.2Ga0.8As pair layers, re-
spectively. The light-matter interaction, measured by the
Rabi splitting (energy separation between the upper and
lower polariton branches at the resonant exciton-cavity
condition) is of 15 meV. We choose a sample surface area
in which the detuning between the photon and exciton
modes is about δ = −3 meV. The polariton conden-
sation is achieved under non resonant pumping using a
single mode Ti:sapphire laser (excitation wavelength at
the first minimum of the stop band, ≈ 735 nm, polariton
emission at 774 nm).
The sample is kept at a temperature of 10 K in a low-
vibration cryostat, and the excitation power is chopped
at a frequency of 4 kHz with a duty cycle of 5%, giving
a measurement time window of ≈ 10 µs, to avoid global
heating of the sample while allowing for the formation of
a steady-state, self-trapped condensate.
The emitted signal is collected by an objective with a
numerical aperture NA=0.6 and a magnification M=25
on a CCD detector (1024 × 1344 pixel, pixel size is
6.25 µm) coupled to a monochromator giving an overall
energy resolution of 60 µeV. The momentum-space infor-
mation is retrieved by imaging (M=0.1) of the reciprocal
plane of the objective on the CCD detector.
Polariton density is estimated by direct calibration of
the PL intensity I (in Watt) using a polariton lifetime
τ = 100 ps and the polariton energy E = 2 × 10−19J
following the approximate relation:
ρ =
Iτ
E
. (1)
Theory
The localization of the polariton cloud in the micro-
cavity plane is simulated with the set of coupled complex
Ginzburg-Landau and rate equations which describe an
incoherently pumped exciton-polariton condensate:
i~
∂Ψ
∂t
=
[
− ~
2
2m
∆x,y + gc|Ψ|2 + gRn− α|Ψ|2n+(2a)
+
i~
2
(Rn− γc)
]
Ψ,
∂n
∂t
= P − (γR +R|Ψ|2)n. (2b)
Here m is the polariton effective mass, ∆x,y is the 2D
Laplace operator, gc and gR are polariton-polariton and
polariton-reservoir interaction parameters, γc and γR
are the condensate and reservoir relaxation rates respec-
tively, Rn determines the rate of the condensate replen-
ishment by the exciton relaxation from the reservoir. The
term αRn in (2b) accounts for the energy renormalization
due to the heating of the structure, and it is responsible
for the condensate self-trapping [19]. We estimate the lo-
cal temperature variation that corresponds to the chosen
value of α = 10.5× 10−5 meVµm4 as about 10 K at high
pumping power for the background lattice temperature
of 10 K. We note that the constant α phenomenologically
accounts for the balance between the local heat coming
from the relaxing excitons and the thermal diffusion in
the microcavity structure.
The steady-state solution of Eqs. (2), Ψ = ψe−i∆Et/~
and ∂n/∂t = 0, is found using the iterative Newton-
Raphson algorithm which simultaneously determines the
blue shift ∆E and the order parameter ψ(x, y). The
Fourier transform S(kx, ky) =
∫
ψ(x, y)e−ikxx−ikyydxdy
is used to obtain the reciprocal space distribution of the
condensate emission.
The following parameters have been used to fit the
experimental results: m = 0.5me, where me is free
electron mass, γc = 0.01 ps−1, γR = 0.0035 ps−1,
~R = 0.072 µeVµm2, gc = 7.9 µeVµm2, gR = 2gc.
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Numerical simulations
a) b) c)
d) e f )
g) h) i)
Figure S1: a-f, Calculated pump (upper row) and condensate density (middle row) distributions for different FWHM of the
symmetric Gaussian pump: 20µm, 30µm and 40µm (from the left to the right). g,h,i Cross-sections of the intensity profiles
of the pump (blue line) and the condensate (red line).
In Fig. S1, the results of numerical simulations are shown: the polariton condensate is localised in a tight region
that is much smaller than the pumped area, in perfect agreement with the experimental results as can be seen by
comparing Fig. S1 with Fig. 2 in the main text. In the bottom row of Fig. S1, the cross sections of the pump and
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2condensate intensities are plotted. Comparing them one can conclude on the localisation of the polariton condensate
for different sizes of the pump spot.
Top-hat excitation
a) b)
Figure S2: a, Intensity of the laser excitation spot in 2D space. b, Real-space 2D distribution of the condensate. Scale bar is
40 microns.
To confirm the importance of the shape of the repulsive potential created by the reservoir for the formation of a
self-trapped polariton condensate, a loosely flat laser spot with a diameter of about 75 micron is used (Fig. S2a).
The condensate forms within the spot region, where the blueshift is slightly lower due to the not-perfect shape of
the excitation laser spot (Fig. S2b). The lateral size of the condensate is one order of magnitude larger than the
polaron state formed on top of the Gaussian potential (see Figs. 1d,f of the main text). We conclude that in the case
of excitation by a laser beam having a top-hat intensity profile the spatial size of the condensate is limited by the
shallow inhomogeneities in the potential and it is not the result of the polaron effect.
